Agriculture is the world's largest industry, continues to dominate human land use, and will become more intensive to meet global food demands associated with population growth. Sustainability of global agricultural systems will require strategic integration of conservation practices to protect ecosystems services, health, and productivity. Natural communities as a component of agricultural landscapes support wildlife populations that provide essential ecosystem services with broad societal value. However, allocation of land to noncrop uses entails economic opportunity costs to producers. Effective conservation delivery is dependent on being able to quantify and visualize both the expected costs and benefits. We argue that by identifying economic opportunities for conservation enrollment, increased adoption by landowners is achievable. Our primary goal was to illustrate the necessity, technology, and application of precision conservation in a wildlife management framework. The tools, technologies, and processes associated with precision agriculture can be adapted to inform conservation practice adoption when wildlife objectives are explicitly incorporated into farm-and landscape-level decision framework. We illustrate strategic, objective-driven conservation planning and delivery with case studies from an intensive agricultural landscape in the Lower Mississippi Alluvial Valley.
A griculture is the world's largest industry and continues to dominate human land use (Robertson and Swinton, 2005) . With the human population expected to reach 9.4 billion and per capita arable land expected to be reduced by nearly 40% by 2050 (Lal, 2000) , intensification of agricultural production is expected. The mechanism of increase will involve either allocation of additional land to production or maximization of the potential (i.e., increase yield) of land already in use. Considering most of the world's arable land is already in agricultural production (Baligar et al., 2001 ), future production demands will likely come from land currently in use. Precision agriculture provides a method for implementing the latter of these options by allowing producers to maximize yield and profitability in a spatially explicit and economically advantageous manner (Stull et al., 2004) .
Precision agriculture is "the application of technologies and principles to manage spatial and temporal variability associated with all aspects of agricultural production" (Pierce and Nowak, 1999) . Whelan and McBratney (2000) describe precision agriculture as "a philosophical shift in the management of variability within agricultural industries aimed at improving profitability and/or environmental impact (both short and long term)." The precision agriculture concept is based on reorganization of the agricultural system to low-input, high-efficiency, sustainable agriculture (Shibusawa, 1998) . The principal goal of precision agriculture is to maximize yield (Mg ha −1 ) and profitability ($ ha −1 ). When yield is maximized, amount of land needed to meet food demands and financial obligations is reduced. If financial obligations can be met with less cropped acreage, the opportunity for land reallocation is created. Less-productive agricultural lands (i.e., those with reduced yields) are logical candidates for conservation implementation (Hyberg and Riley, 2009 ). Conservation and food production goals can be linked through increasing yield on cultivated land, thereby freeing up land for conservation use (Green et al., 2005) . Precision agriculture can increase profitability for producers and concomitantly provide ecological benefits to the public (Zhang et al., 2002) .
The field of precision conservation uses precision agriculture technology to achieve conservation objectives. Precision conservation is "a set of spatial technologies and procedures linked to mapped variables directed to implement conservation management practices that take into account spatial and temporal variability across natural and agricultural systems" (Berry et al., 2003 (Berry et al., , 2005 Delgado and Berry, 2008) . Precision conservation, much like precision agriculture, depends on geospatial tools such as global positioning systems, geographic information systems, digital landscape information, spatially explicit mathematical models, and intensive computer analysis across natural and agricultural ecosystems (Berry et al., 2003; Delgado and Berry, 2008) . Numerous studies on precision agriculture's application in conservation planning have been conducted (Berry et al., 2003; Dosskey et al., 2005; Kitchen et al., 2005; but generally focus on nutrient loading and erosion control. Precision agriculture has also been used in strategic establishment of conservation buffers to reduce nutrient runoff and topsoil erosion (Stull et al., 2004; Dosskey et al., 2005) and has been shown to increase buffer effectiveness. However incorporating precision agriculture's or precision conservation's use in wildlife conservation planning is an underutilized field of research.
To achieve strategic conservation of multiple wildlife species while concomitantly enhancing farming efficiency and productivity, we propose a systematic change in how we use the tools and interpret the outputs of precision conservation. We illustrate a novel approach for using precision conservation tools in a wildlife management framework. This approach can be used for any wildlife species and production system. Because of the recent development, very little research has been conducted on its application. We will present a case study from Mississippi that illustrates the conservation and economic effectiveness of this approach.
A Broader Definition of Conservation
Precision conservation provides a suite of tools and processes for optimizing economic and environmental outcomes of conservation design and delivery within the context of site-and production system-specific constraints. In agricultural systems, precision conservation has most successfully been applied to physical and edaphic processes such as sediment and nutrient transport with few applications to other environmental services such as wildlife habitat, pollination, or biological diversity. Although the broad goal of precision conservation is to use site-specific information to inform design and delivery of conservation management practices in agricultural systems (Berry et al., 2003) , the conservation targets or outcomes to which precision conservation principles have been applied are relatively few. This is in part because of the rather restrictive connotation of conservation historically incorporated under USDA-NRCS conservation planning. In agricultural contexts, the term conservation is often used synonymously with minimizing nutrient loading, maximizing erosion control, and increasing water quality (Berry et al., 2003; Dosskey et al., 2005; Kitchen et al., 2005) . Precision conservation using site-specific information to inform amount, width, and placement of conservation practices has been used in strategic establishment of conservation buffers to reduce nutrient runoff and topsoil erosion (Stull et al., 2004; Dosskey et al., 2005) and has been shown to increase profitability, return on investment, and buffer effectiveness. While we agree these practices certainly fall under the umbrella of conservation and improve the ecological integrity of the system, we contend that ecological function involves many other environmental services, and therefore, conservation planning and delivery must also address broader targets including biological diversity, wildlife, and their interaction with the landscape. Although landscape-scale wildlife conservation design, as illustrated in "Adaptive Management for a Turbulent Future" (Allen et al., 2011) and "Strategic Habitat Conservation: Final Report of the National Ecological Assessment Team" (US Department of the Interior, 2006), is a maturing concept, the use of precision conservation principles to improve wildlife conservation design and delivery at the field and farm scale is a largely underdeveloped field of science and application (although, see McConnell and Burger [2011] ). Our goal in this chapter is to illustrate the necessity, technology, and application of precision conservation in a wildlife management framework.
Conservation Concerns in Agricultural Landscapes
Essential to implementing precision conservation for wildlife is an understanding of the species-specific habitat requirements and the multitude and magnitude of threats facing wildlife species in agricultural landscapes. The increasing demand for food and fiber to feed an exponentially growing human population has resulted in continued agricultural expansion resulting in conversion of natural communities to crop production and large-scale habitat loss and degradation. Multiple species of birds, mammals, insects, amphibians, and reptiles show large-scale population declines attributed to agricultural intensification. Although some species have benefited from modern agriculture (Askins, 1999) , many species that historically inhabited this landscape have experienced population declines, range reductions, and local extinctions associated with agricultural intensification (Medan et al., 2011) . Wilcove et al. (1998) suggested that agricultural practices affected 38% of endangered species in the United States. While the ramifications of increasing needs for food and fiber have measurable impacts on native fauna, there exists a theoretical and empirical balance between meeting goals of production and maintaining ecosystem quality and function. Unfortunately, the perception exists that management practices that benefit agricultural and wildlife species are often not in sync with production goals. However, when objectively delivered, conservation goals can promote and possibly enhance production goals (McConnell and Burger, 2011) .
Effects of Intensive Agriculture on Native Wildlife Birds
Numerous grassland songbirds have experienced steep declines associated with conversion of grasslands to agriculture and introduction of exotic forages grasses (Herkert, 1994; Chamberlain et al., 2000; Murphy, 2003; Brennan and Kuvlesky, 2005; Sauer et al., 2008) . Although large-scale agricultural expansion has benefited some grassland bird species (Askins, 1999) , farming (conversion and intensification) is considered the single greatest danger to threatened bird species (Green et al., 2005) and the leading cause of grassland songbird decline (Vickery and Herkert, 1999; Blackwell and Dolbeer, 2001; Murphy 2003) . However, agricultural landscapes can support populations of many grassland species given sufficient quantity, quality, and connectivity of native grassland patches within the agricultural matrix.
Mammals
Agriculture has been identified as a leading cause of global mammalian decline (Hoffmann et al., 2011) . Ceballos et al. (2005) estimated that 80% of the land area needed to maintain just 10% of the geographic ranges of global mammal species has been affected by agriculture. The primary effect of agriculture on mammals is habitat fragmentation (Mackenzie et al., 1998) . Small mammals are directly affected by loss of ecological integrity associated with agriculture intensification via reductions in diversity, abundance, and distribution (Todd et al., 2000; Jacob 2003; de la Peña et al., 2003) . Declines in mammalian prey (Calvete et al., 2004) and, consequently, predators (Palma et al., 1999) have been attributed to agriculture intensification. Certain insectivorous mammal declines have also been attributed to agriculture intensification (Pocock and Jennings, 2008) . Habitat loss and degradation have effectively endangered mammalian diversity and abundance in agricultural landscapes, thus illustrating the need for effective conservation strategies.
Reptiles and Amphibians
Global herpetofauna populations are declining (Gibbons et al., 2000; Gallant et al., 2007) as a result of multiple land-use practices including agricultural conversion (Hutchens and DePerno, 2009) . Agricultural land use has fragmented herpetofauna habitat and will likely continue to at an increasing rate as a result of global demands for agricultural productivity (Lehtinen et al., 1999) . A multitude of herpetofaunal species inhabit agricultural landscapes and their persistence can be used as an indicator of ecosystem health (Gibbons et al., 2000) and integrity (Davic and Welsh, 2004) . Furthermore, reptiles and amphibians significantly contribute to estimates of biomass in agricultural wetland habitats (Gibbons et al., 2006) . Many species use terrestrial habitats surrounding wetlands at different stages of their life (Semlitsch and Bodie, 2003) . However, the abundance and distribution of wetlands influences the distribution of herpetofauna across the landscape (Rittenhouse and Semlitsch, 2007) . Therefore, effective management of agricultural wetlands and their surrounding terrestrial habitats is essential for agricultural ecosystem health, function, and biodiversity.
Ecological Services of Wildlife in Agricultural Systems
Agricultural landscapes produce a multitude of goods and services that benefit the producer, the owner, the local community, and society at large. Each of these stakeholders may have different and sometimes competing production goals and priorities. From a global food systems perspective, the primary goal for agricultural land is to produce an abundant, safe, secure, and affordable supply of food and fiber to meet the needs of a growing human population with ever increasing per capita consumption. The goals of a landowner operator may differ somewhat from a renter operator, but both focus primarily on profitability and, to varying degrees, sustainability and stewardship. However, these landscapes provide a plethora of ecological services (Swinton et al., 2007) , which are largely unrecognized by the general populace. Many of these ecological services are rendered by and reliant on healthy wildlife populations. Viable wildlife populations require habitat in sufficient quality, quantity, and configuration to survive and reproduce. Therefore, maintaining ecological service functionality requires providing quality wildlife habitat. We contend a new paradigm of agricultural ecosystem management is necessary for the future viability and productivity of agricultural systems, one in which a philosophical marriage between agricultural production and conservation is applied to optimize the ecological integrity and productivity of the whole system while still achieving production and economic objectives.
Pollination
Wildlife species (mostly insects) contribute to more than 90% of the pollination of flowering plants (Kearns et al., 1998) . Many agricultural crops depend on pollinators to varying degrees (Free, 1993) . Estimates from McGregor (1976) and Klein et al. (2007) conclude that roughly one-third of our food is derived from animal-pollinated crops. As stated by Ingram et al. (1996) , "for one in every three bites you eat, you should thank a bee, butterfly, bat, bird or other pollinator." Insect pollinators affect more than 75% of major global crops (Klein et al., 2007) . Consequently, agricultural production is largely dependent on biotic pollination and therefore the sustainability of pollinator populations (Aizen et al., 2009) . Crop pollinators include a myriad of vertebrate and invertebrate species that are essential to global food production. Honey bees (Apis mellifera) represent the single most important pollinator species. Other native wild bee species also represent a significant proportion of pollination services (Aizen et al., 2009 ). However, global honeybee declines illustrate a significant threat to the ecological services pollinators provide to global food production. Declines of honeybees have been attributed to disease, parasites, and other unverified factors (Cameron et al., 2011) , while decline in other native bee species has been attributed to habitat destruction (Biesmeijer et al., 2006; Fitzpatrick et al., 2007) . As the number of honeybee stocks decline (Aizen et al., 2009) , more reliance will fall on native pollinators that are often better adapted to local conditions and collectively more effective at pollinating a wider range of crops (Goulson, 2003) . Wild pollinators become less diverse and abundant when seminatural habitats are absent from the agricultural landscape (Richards, 2001) . Other insect pollinators, such as butterflies, moths, and beetles, require seminatural habitats in agricultural landscapes. This source of refugia has considerable impacts on the abundance, distribution, and effectiveness of pollinators. It is this limiting factor of habitat availability that presents conservation opportunities in these landscapes. Using precision conservation to spatially optimize pollinator habitat effectiveness, while minimizing economic opportunity costs, is just one example of how this technology can be used in a wildlife conservation framework.
Pest Control
Natural pest control has been identified as one of many ecological services at risk as a result of global agricultural intensification (Wilby and Thomas, 2002) . Maintenance of habitat that supports beneficial insects has been shown to control crop pests (Myers et al., 1989) , increase crop yield (Ostman et al., 2003) , and reduce the need for chemical pesticide use (Naylor and Ehrlich, 1997 ) thereby providing environmental and economic benefits (Bianchi et al., 2013) . However, landscape diversity affects the abundance and diversity of natural enemies and their ability to regulate herbivore populations (Cardinale et al., 2003; Bianchi et al., 2005) . Noncrop habitats such as field borders and hedge rows account for much of the biodiversity in agricultural systems (Bianchi et al., 2013) and are more suitable to natural enemies of herbivorous insects (Meek et al., 2002) . The distribution of noncrop habitats affects the ability and efficiency of natural enemies to control pest populations (Wissinger, 1997) . Therefore, creation and maintenance of diverse, natural, noncrop habitats is essential to sustain effective beneficial insect populations (Bianchi et al., 2013) . Bianchi et al. (2013) discusses several research needs regarding use of natural enemies for pest control and crop production. Improving the cost-benefit of natural enemy management was listed as one of the least evaluated aspects. Optimizing natural enemy habitat through creation of noncrop habitats can be addressed with precision conservation tools. Bianchi and van der Werf (2003) noted that the spatial arrangement and shape of noncrop habitats influenced their effectiveness. Spatial tools for field margin creation can be coupled with spatially explicit species suitability models to optimize pest suppression, farm efficiency, and economic gain using precision conservation tools in a novel integrated pest management framework.
Conservation Programs
Multiple governments around the world provide various forms of voluntary, incentive-based conservation enrollment on working agricultural fields. Such conservation programs and their associated conservation practices vary considerably in their design, objectives, and incentives. For example, in the United States, the Conservation Reserve Program (CRP) and the Wetland Reserve Program (WRP) have become the primary programmatic vehicles for delivering conservation in agricultural landscapes. The CRP consists of more than 40 conservation practices that are designed to achieve practice-specific natural resource objectives on working agricultural lands. The WRP implements wetland restoration on a massive scale and is designed to increase wetland function and improve wetland wildlife habitat on marginal farmlands. The economic incentives differ among programs with CRP providing soil and county-specific rental payments over a fixed-length contract (e.g., 10-15 yr), whereas WRP provides a per-acre easement payment for a long-term or perpetual abandonment of certain developmental and use rights. Both programs provide cost-share assistance to offset the costs of practice establishment. Other conservation programs, such as Environmental Qualities Incentive Program and Wildlife Habitat Incentive Program, provide only cost share for practice establishment. Practices that remove entire fields from production and plant them to permanent groundcover are referred to as whole-field enrollments. These practices are usually enrolled on environmentally sensitive (i.e., highly erodible soils) fields and have been credited with numerous, large-scale environmental benefits. For an exhaustive review, see Heard et al. (2000) , Haufler (2005) , and Waddle et al. (2013) . However, whole field practices, while effectively removing marginal land, have the potential to remove productive, nonsensitive portions of fields that could produce more revenue to landowners if retained in production. To more specifically target environmentally sensitive field regions, conservation buffers are commonly used for optimizing natural resource concerns while maintaining sustainable crop production.
Wildlife Benefits of Conservation Buffers
Targeted delivery of resource concern-specific practices has become the primary philosophy for increasing conservation value and ecological function of agricultural landscapes. Conservation buffers are one such targeted conservation practices, predicated on the assumption that a relatively small change in primary land use can produce a disproportionate change in environmental outcomes when strategically delivered (Evans et al., 2013) . Conservation buffers are noncrop habitats left idle or planted to a specific vegetative type to achieve a specific conservation objective (e.g., erosion control, sedimentation retention, stream bank stabilization, filtration, nutrient retention, water quality enhancement, or wildlife habitat). Their size, distribution, composition, and management regime depend on the specific conservation goals for which they are designed. Implementation of conservation buffers has been widely successful in North American and European agricultural systems where cropland conversion has eliminated large amounts of native habitat. The wildlife and ecosystem services provided by buffers can easily be monitored and evaluated to ensure strategic implementation and management to maximize their effectiveness. Objective-driven design and strategic implementation informed by systematic monitoring in an adaptive resource management framework empower conservation planners, natural resource biologists, and agricultural landowners to simultaneously achieve production goals and enhance ecological integrity of agricultural landscapes.
Conservation buffers have the potential to increase biodiversity and improve the ecological health of agricultural landscapes. Numerous studies document the conservation benefits of buffers to soil retention, water quality, and nutrient filtering, but buffers also provide other benefits such as wildlife and pollinator habitat (Lovell and Sullivan, 2006) . Buffers are often the only habitat in a hostile landscape and, therefore, are crucial to persistence of many populations. Herbaceous conservation buffers have been shown to increase abundance and diversity of numerous grassland birds (Cederbaum et al., 2004; Smith et al., 2005; Conover et al., 2007 Conover et al., , 2009 Evans et al., 2013) and provide suitable nesting habitat (Conover et al., 2011a,b; Adams et al., 2013) . Buffers also provide corridors to facilitate movement between fragmented habitat patches characteristic of agricultural matrices (Fahrig and Merriam 1985; Henry et al., 1999; Shueller et al., 2000) . Agriculture intensification has reduced the abundance and distribution of forests resulting in small isolated woodlots with riparian buffers as the only remaining linkage between patches, thus increasing pressure on noncrop patches to provide wildlife habitat (Maisonneuve and Rioux, 2001) . Riparian conservation buffers have been shown to increase mammalian and herpetofaunal abundance and diversity in agricultural landscapes (Maisonneuve and Rioux, 2001 ). Buffers have also been shown to sustain beneficial arthropod species (Landis et al., 2000; Marshall and Moonen 2002; Gurr et al., 2005) , and numerous studies have documented that buffers increase the reproductive success of natural enemies of crop pests (Gurr et al., 2005; Heimpel and Jervis, 2005) .
Understanding Conservation Implementation
Allocation of land from crop production to conservation results in direct and opportunity costs to landowners that forgo the economic returns associated with the commodities that otherwise would have been produced. The agricultural producer incurs a private cost to produce a public good (ecological services). Understanding the site-specific economic tradeoffs of conservation and the degree to which conservation program incentives might offset these costs should be central to conservation planning and delivery and guide producer adoption decisions. Precision agriculture technologies can help to inform both sides of this equation. But such data-driven conservation delivery requires an understanding of factors that motivate agricultural producers, a conceptual framework of conservation delivery , decision support tools to quantify costs and benefits, and geospatial tools to help visualize alternative conservation landscapes. We demonstrate how geospatial technologies can be used collectively in a precision conservation context for wildlife conservation planning. We use the USDA's Farm Bill conservation programs framework from here on because it is a model for global conservation delivery.
Factors That Influence Adoption
Agricultural producers operate under uncertainty created by environmental and market stochasticity. Consequently, financial concerns strongly influence producer decisions (Kitchen et al., 2005) . Variations in global economies, federal policies (e.g., Farm Bill), commodity prices, subsidy payments, weather and climatic events, input costs, farm ownership, and equipment expenses together provide numerous financial obstacles for producers. Removing land from production for conservation imposes an opportunity cost associated with loss in revenue from commodities that otherwise would have been produced (USDA, 2003) . "Conservation must be compatible with profitability" (Kitchen et al., 2005) , and to make conservation implementation economically attractive to agricultural landowners, conservation programs must address economic concerns of producers (USDA, 2003) . Conservation and profitability can coexist if ecological and economic demands are taken into account (Holzkamper and Seppelt, 2007) . Because farm policy in the United States (implemented through the Farm Bill) has evolved to recognize the importance of financial concerns and profitability in adoption of conservation practices, numerous conservation programs provide financial incentives to compensate for opportunity costs of land retirement. Conservation buffer practices address producers' financial and environmental concerns by providing substantial financial incentives for enrollment of environmentally sensitive lands.
Strategic Conservation Enrollment
Currently, a combination of land eligibility and landowner objectives are the decision making components of conservation program adoption. Under a program-driven approach, landowners choose a program and are restricted to the management practices available under that program, which may or may not be conducive to desired objectives . Furthermore, implementation of such programs may not fully optimize the landowner's economic and conservation goals or potential . Under the general-signup CRP, eligible fields must meet a highly erodible land criterion. Continuous-signup CRP practices are not limited to highly erodible land, which creates the opportunity of removing moderate to highly productive land from cultivation. Although overall environmental benefits may be produced, profitability for a landowner may be reduced by enrollment. Removing highly profitable land from agricultural production is not necessarily an effective strategy for maximizing overall benefits of conservation programs if opportunity costs create an impediment to adoption. Efficacy of conservation implementation depends on maximizing whole-field profitability and concomitantly providing the greatest environmental and wildlife benefits. Agricultural landowners will enroll in conservation programs that address environmental and wildlife concerns provided financial incentives are adequate (USDA, 2003) . To maximize societal, environmental, and economic benefits through conservation programs, strategic implementation is crucial. The vehicle for strategic conservation will be precision agriculture technology.
Conservation buffers represent a suite of best management practices that are conducive to a precision conservation approach because they take the most environmentally sensitive lands out of production and address specific resource concerns (e.g., soil erosion, water quality, wildlife conservation) in a manner that is compatible with row-crop production systems. These targeted conservation practices often carry extra economic incentives (i.e., signup incentive payments, increased cost-share, elevated rental rates) to induce adoption. To increase the degree of targeting, eligibility of cropland for conservation buffer practices is constrained based on spatial relationships such as location within a conservation priority area, hill slope position, proximity to water bodies and wetlands, proximity to field margins, or other ecologically sensitive features. Buffer width, configuration, and plant materials are constrained so as to achieve desired resource outcomes. However, enrollment of all eligible land might not necessarily maximize financial returns and thus might not be the best land use from a profitability standpoint. A strategic enrollment that maximizes conservation benefits, subject to the constraint that economic benefits equal or exceed that under agricultural production, might be considered optimal from a producer standpoint and might increase adoption.
Tools for Identifying Conservation Eligibility
Considering the multiple conservation programs and practices offered under the US Farm Bill, and their practice-specific eligibility criteria, agricultural landowners are faced with the daunting task of understanding which programs and practices fit and where they fit on their farm. Such a challenge can hinder adoption and limit the conservation potential. Therefore, a precision conservation tool that spatially illustrates conservation practice eligibility could aid in conservation adoption and implementation. Quantifying conservation eligibility is paramount because most producers and natural resource planners cannot visualize where and how conservation programs fit into their production systems. Illustrating eligible land for multiple conservation practices provides options to producers to optimize not only their economic interests but also their specific natural resource concerns (i.e., water quality, soil loss, wildlife habitat). McConnell and Burger (2011) describe a spatially explicit decision support tool (DST) to illustrate the spatial eligibility of multiple conservation buffer practices (each of which benefits multiple wildlife species). Use of geospatial technology is essential to this process and the DST produces simple, spatially explicit maps that producers can use to make informed land-use decisions. Their tool operates from the toolbox in ArcMap (Environmental Systems Research Institute, 2009 ) and outputs editable shapefiles that can be depicted, on screen, over an aerial photograph. This approach allows landowners to visualize conservation eligibility and make informed decisions about conservation implementation.
Results from McConnell and Burger (2011) were limited to one production farm (~1200 ha) in Mississippi. However, on that one farm, their tool identified more than 400 ha of eligible conservation buffers for two conservation practices ( Fig. 1 and 2) . Their research demonstrates the utility and effectiveness of precision conservation technologies coupled with a geospatial DST to identify conservation opportunities in agricultural landscapes. While the McConnell and Burger (2011) DST was specifically designed to identify eligibility for a specific suite of practices, it provides a model that could be adopted by the precision conservation community to build on and further develop such approaches to increase the speed and efficiency of conservation planning and delivery for a variety of natural resource concerns. Considering the abundance and depth of literature documenting the benefits of conservation buffers to birds, mammals, amphibians, insects, and ecosystem health and function, it is essential for global biodiversity to develop and implement novel approaches to conservation delivery. We contend that precision conservation technology is the best method for delivering wildlife-friendly conservation in agricultural landscapes. 
Tools for Identifying Economic Opportunities for Conservation
Precision conservation technology provides a wealth of data to inform the decision-making process on agricultural land management. Specifically, yield monitors provide spatially explicit information about field productivity, which provides managers with an opportunity to adjust management strategies. Yield monitors accurately illustrate spatial variability of yield (Mg ha ). Connecting yield to profit is paramount to adoption of conservation programs. Because traditional yield maps provide no financial information, profit maps are a more efficient tool for identifying conservation opportunities. Given that financial considerations generally have the greatest influence on producer decisions (Kitchen et al., 2005) , profit maps are a logical tool for identifying conservation and economic opportunities and quantifying conservation tradeoffs of adoption. Profit maps illustrate regions of decreased revenue that managers can use to make informed decisions ( Fig. 3 and 4) . Calculating whole-field profitability under agricultural production alone identifies field regions where revenue is lost (i.e., negative net revenue) or minimal, whereas calculating whole-field profitability under alternative conservation buffer enrollments identifies field regions where profitability under conservation enrollment is greater than that of production alone ( Fig. 5  and 6 ). Running this analysis independently for multiple conservation practices and alternative enrollments within a practice provides a multitude of land-use options for agricultural producers. McConnell and Burger (2011) outlined an approach for using profit maps to identify conservation and economic opportunities. They illustrate how low-yielding field regions represent the best candidate locations for strategic conservation enrollment (buffers or whole-field). However, theirs was not the first use of yield monitors for conservation buffer enrollment. Stull et al. (2004) and Barbour (2006) used precision agriculture technology (i.e., global positioning system yield monitors) to identify field regions where monetary benefits of conservation enrollment outweighed agricultural production. Stull et al. (2004) strategically optimized conservation buffer enrollment using historic yield data to identify field margins where revenue from conservation payments exceeded production. Historic yield data was useful for identifying field regions where conservation buffer enrollment could increase field revenue more so than enrolling the whole field in conservation or not enrolling at all (Stull et al., 2004) . Specifically, use of precision agriculture to enroll only those areas where current management was below a break-even economic point increased average whole field net revenue most (Stull et al., 2004) . Barbour (2006) quantified effects of adjacent plant communities on crop yield near field margins and showed that some adjacent plant communities reduced yield £60% relative to field interior. Thus, replacing low-yielding field edges with conservation buffers could be more profitable than cropping (Barbour, 2006) . Conservation buffers were economically advantageous up to two combine swaths (14.64 m wide) from the field edge for corn (Zea mays L.) fields but not economically advantageous for soybean [Glycine max (L.) Merr.] fields in the Gulf Coast Plain of Mississippi (Barbour, 2006) . These two studies represent the pioneering forefront to using precision technology for wildlife conservation.
McConnell and Burger (2011) illustrated the economic outcomes of alternative conservation buffer enrollments on individual production fields. Their results showed varying economic gains from alternative buffer enrollments, thus elucidating the utility of this approach for making informed management decisions. On one field in their study, a minimal conservation buffer width (9.1 m) was the most economically advantageous option (Fig. 7) , while on another field, a wider buffer width (27.4 m) maximized mean net revenue of the whole field (Fig. 8) . Therefore, precision conservation technology allows producers to evaluate their conservation and economic options at the field level. This type of strategic enrollment will increase producer revenue and conservation adoption.
For a broader investigation across multiple fields, McConnell (2011) used precision conservation technology to simulate the economic outcome of strategic conservation buffer enrollment on 34 row-crop fields (corn and soybean) across Mississippi. He compared the mean economic tradeoffs of four conservation buffer widths and production without conservation buffers to illustrate the potential economic benefits of strategic conservation enrollment. Results indicated that for corn and soybean fields in Mississippi, conservation buffers increased mean net revenue at differing levels across a range of commodity prices ( Fig. 9 and 10 ). Buffers increased mean net revenue on a percentage of fields for all buffer width and commodity price simulations ( Fig. 11 and 12 ). As commodity prices increased, revenue derived from low-yielding land became increasingly competitive with conservation payments. Consequently, increasing commodity prices increased mean net revenue, even at low grain yields, which eventually exceed incentive payments for buffer enrollment. However, even at greater commodity prices, there were locations within a high proportion of fields where buffers offered a competitive economic advantage to cropping. Although the economic advantage of buffer enrollment decreased at greater commodity price simulations, the DST identified multiple fields that would have increased revenue with buffer implementation. From an economic perspective, applying conservation buffers to all fields within a farm or management area would be illogical if conservation enrollment did not maximize economic returns. However, using precision conservation technology to identify fields and field regions where buffer revenue exceeds that of cropping is a viable management strategy. For fields where fixed-width buffers decreased revenue, it is important to evaluate the proportion of eligible buffer area where revenue was increased by conservation enrollment. Conservation buffers are not constrained to fixed widths for the whole field (i.e., buffer widths can vary for each field margin). Spatial distribution of yield and profitability is often nonuniform among field margins. Therefore, nonuniform distribution of reduced profitability would warrant nonuniform design of conservation buffers. Evaluating the proportion of eligible buffer area where conservation increases revenue provides information about how spatial arrangement of buffers should be implemented (Fig. 13) . Identifying those eligible conservation buffer areas that can generate more revenue enrolled in a conservation practice than cropped across a range of commodity prices provides spatially explicit data to inform the decision making process of buffer placement (Fig. 14 and 15) . 
Evaluating the Wildlife Response to Precision Conservation Enrollment Linking Monitoring to Conservation Planning
Precision conservation approaches can also be used to predict environmental benefits or services produced by alternative enrollment scenarios. Under 2002 and 2008 Farm Bills, Congress charged USDA with more effectively quantifying environmental outcomes to justify societal investments in agricultural conservation. Blanketing the landscape with a myriad of conservation practices may yield multiple environmental benefits, but those outcomes must be quantifiable. Nontargeted approaches to conservation implementation not only potentially limit environmental benefits but also fail to optimize limited resources available for agrienvironmental conservation (Batary et al., 2010) . Similarly, Schonhart et al. (2011) indicated that spatial targeting of agrienvironmental programs is more cost-effective. Effective conservation requires monitoring and evaluation of practices that target specific natural resource goals. Effective monitoring will provide a plethora of information regarding how, when, and where conservation programs and practices work in the landscape, thus improving efficacy of agrienvironmental management schemes (Davey et al., 2010) . Monitoring will also provide information needed to build predictive models that can be used to optimize future enrollments. Models that assess which landscape variables, conservation programs, and management practices influence species occurrence, abundance, and life history characteristics will provide a new innovative foundation on which to base future precision conservation enrollment.
Species-specific conservation practices like CP-33 (Habitat Buffers for Upland Birds) are designed to meet a specific conservation objective (e.g., increase Northern Bobwhite [Colinus Virginianus] abundance; hereafter, bobwhite). The CP-33 practice was established to address the population recovery goals set by the Northern Bobwhite Conservation Initiative (USDA, 2004a). Upland habitat buffers are native herbaceous communities maintained along cropped field edges. Under CP-33, agricultural landowners can enroll 9.1 to 36.5 m of upland habitat buffers along crop field edges by planting native warm-season grasses, forbs, legumes, and shrubs or by allowing natural succession to occur and maintain them in an early-seral stage. The premise of CP-33 is that relatively small changes in a working agricultural landscape can significantly affect bobwhite and grassland bird abundance. To evaluate this assumption, the USDA Farm Service Agency mandated that bobwhite and priority songbird response to CP-33 implementation be monitored (USDA, 2004b) . Results of monitoring have shown greater bobwhite and select grassland bird densities on fields enrolled in CP-33 than fields with no CP-33 (Evans et al., 2009; Evans et al., 2013) . These data can also be used to inform conservation planning.
Case Study: Northern Bobwhite
McConnell (2011) used data from the CP-33 national monitoring program to model landscape-population response relationships for bobwhite in northern Mississippi. He then used these relationships to simulate the predicted response to strategic conservation buffer enrollment on 34 row-crop fields in Mississippi. Using variable buffer widths from the previously described economic analysis coupled with grassland bird habitat models, he simulated population response of bobwhite to the amount of CP-33 in the immediate landscape
Results of that study indicated that the predicted bobwhite abundance increased with increasing amount of CP-33 in the landscape. As CP-33 buffer width increased, the amount of CP-33 in the landscape also increased (Fig. 16) . On average, every 9 m of increase in buffer width yielded a ~3.72% increase in the amount of CP-33 in the landscape. Similarly, for every incremental increase in CP-33, bobwhite abundance increased 7.66% on average. Predicted bobwhite abundance increased from 0.55 males detected with no CP-33 to 0.85 males detected with 36.5 m of CP-33. Thus, there is a 30.63% increase in predicted abundance from 0 to 14.87% CP-33 in the landscape (Fig. 17) . Analysis indicated modest changes in predicted bobwhite abundance with an increase in CP-33 buffers; however, addition of CP-33 (0-3.36%) alone increased abundance ~23.22%. Further incremental increases in CP-33 area yielded a smaller, on average, increase in abundance (i.e., 2.47%). Most noteworthy is the increase in abundance from 0 to 3.64% of the landscape in CP-33, which was equivalent to a 9.1-m buffer around the center field. The presence of a minimum CP-33 enrollment (i.e., 9.1 m) can have a measurable effect on bobwhite abundance. These estimates for bobwhite abundance for landscapes with no CP-33 are likely over estimated as a result of sampling design and modeling limitations. Therefore estimates of the magnitude of change in bobwhite abundance were likely conservative. The direct outcomes from the national monitoring program, coupled with simulations described here, support the underlying assumption that relatively small changes in primary land use can produce disproportional responses in environmental services. Moreover, characterization of predicted environmental outcomes compliment economic analyses, better informing conservation planning and producer decisions.
The McConnell (2011) results were not dissimilar from previous research investigating bobwhite response to grassland field borders (Puckett et al., 2000; Palmer et al., 2005) , which saw measurable increases in bobwhite abundance between buffered and nonbuffered landscapes. Puckett et al. (2000) reported a 59.1% increase in breeding abundance on sites with herbaceous filter strips than those without. Field borders in that study represented 4.9 to 9.4% of the landscape. Similarly, Palmer et al. (2005) reported a 40% increase in breeding abundance on sites with field borders than those without. Smith and Burger (2009) also observed a 23.3% increase in breeding abundance on bordered vs. nonbordered sites with field buffers comprising 0.8 to 1.3% of the landscape. Our modeled response similarly predicted a 23.22% increase in breeding abundance with CP-33 comprising only 3.64% of the landscape. These results represent simulations based on empirical data to predict bobwhite abundance relative to changes in percentage of CP-33 in the landscape and not a measure of difference between controls and treatments. Results are consistent with previous research assessing effects of herbaceous field borders on bobwhite abundance and indicate that a relatively small change in primary land use can produce a disproportionate population response. McConnell (2011) represents the first investigation of both economic and wildlife benefits to strategic conservation enrollment. The approach taken provides insight into the optimal buffer width to maximize field revenue along with the predicted bobwhite population response to that enrollment. When applied at the farm and field level, this precision conservation framework provides landowners with the information they need to make responsible, informed land-use decisions. Although we illustrate this method with a specific conservation practice (CP-33) and a specific wildlife species (northern bobwhite), this approach can be applied to any wildlife species or ecosystem service where tangible data is available. Be it pest control, pollinator habitat, or amphibian corridor creation, the precision conservation framework outlined here is applicable and testable. We encourage the scientific community to build on our framework to improve and elaborate on the multitude of conservation objectives across the landscape.
Conclusions
Effective conservation delivery is dependent on being able to quantify and visualize both the expected costs and benefits. We argue that by identifying economic opportunities for conservation enrollment, increased adoption by landowners is achievable. Our primary goal was to illustrate the necessity, technology, and application of precision conservation in a wildlife management framework. This requires a new and innovative evaluation of how we use the tools of precision farming (i.e., yield monitors). The next step in the evolution of precision conservation is to incorporate wildlife conservation objectives into the framework with which farm-level conservation decisions are made. To do this, soil conservationists, agriculture economists, and wildlife biologists will have to achieve new levels of synergy to face the multitude of global natural resource challenges associated with agricultural intensification. The frontier of precision conservation is the unification of soil, water, air, and wildlife conservation into a common conservation framework. The technological tools are available to inform conservation planning and delivery to a far greater degree than has been previously achieved. The responsibility now lies in the hands of researchers, conservation planners, agricultural consultants, and landowners who, together, must continue to develop new, innovative ways to protect and enhance the ecological integrity of agricultural landscapes.
